Feline viral plaques are uncommon skin lesions clinically characterized by multiple, often pigmented, and slightly raised lesions. Numerous reports suggest that papillomaviruses (PVs) are involved in their development. Immunosuppressed and immunocompetent cats are both affected, the biological behavior is variable, and the regression is possible but rarely documented. Here we report a case of a FIV-positive cat with skin fragility syndrome and regressing multiple viral plaques in which the contemporary presence of two PV types (FcaPV2 and FcaPV3) was demonstrated by combining a quantitative molecular approach to histopathology. The cat, under glucocorticoid therapy for stomatitis and pruritus, developed skin fragility and numerous grouped slightly raised nonulcerated pigmented macules and plaques with histological features of epidermal thickness, mild dysplasia, and presence of koilocytes. Absolute quantification of the viral DNA copies (4555 copies/microliter of FcaPV2 and 8655 copies/microliter of FcaPV3) was obtained. Eighteen months after discontinuation of glucocorticoid therapy skin fragility and viral plaques had resolved. The role of the two viruses cannot be established and it remains undetermined how each of the viruses has contributed to the onset of VP; the spontaneous remission of skin lesions might have been induced by FIV status change over time due to glucocorticoid withdraw and by glucocorticoids withdraw itself.
Introduction
Feline viral plaques (VPs) are well recognized uncommon skin lesions clinically appearing as solitary or multiple, raised, often pigmented, small plaques [1] [2] [3] [4] . Cats are affected at any age [4] and they may be either immunocompromised [1, 2, 5] or immunocompetent [4] . Microscopically, a VP consists of well-demarcated foci of epidermal thickening, mild dysplasia, and presence of koilocytes. VPs are associated with the presence of papillomavirus (PV), predominantly with Felis catus papillomavirus type 2 (FcaPV2), but other PV types as well as multiple PVs in a single lesion have been less frequently reported [4] [5] [6] . The behavior of VPs is variable; progression to Bowenoid in situ carcinoma (BISC) and invasive squamous cell carcinoma (SCC) is a risk; the plaques can remain small for long time and regress; however, very little information about follow-up is available from the published cases [7] . This paper reports a coinfection with 2 PV types, FcaPV2 and FcaPV3, in a FIV-positive cat with skin fragility syndrome (SFS) and spontaneous regressing multiple VPs. Papillomaviruses were molecularly characterized and relative viral loads were quantified.
Case Presentation
A short-haired adult neutered male cat was presented to a private veterinary clinic for bilateral pruritic alopecia and skin lesions on the trunk, noticed by the owners 5 months before, when the cat was found as a stray. The cat had been treated for a severe stomatitis and severe pruritus with two 20 mg/cat subcutaneous injections of methylprednisolone acetate (Depo-Medrol Vet; Pfizer Italia S.r.l., Borgo San Michele, Italy) weekly and underwent full teeth extraction with the exception of the canines. Previously the cat had been administered undetermined courses of corticosteroids, without any detail about specific drug and dosages given by the owners. While general physical examination was unremarkable and mild stomatitis was seen at oral inspection, dermatological examination showed ill-defined alopecia on the trunk and flank with a very thin tissue paper skin, scaling, one wide laceration covered by necrotic material on the withers, and numerous small grouped slightly raised nonulcerated pigmented macules and plaques on the flank and posterior thorax ( with history of corticosteroid administration suggested iatrogenic hyperadrenocorticism. Liver lipidosis was considered unlikely for unchanged hepatic enzymes and for the good general condition of the cat. Clinical presentation indicated skin fragility and VP/BISC as main differential. Punch biopsies were taken from raised lesions, fixed in 10% buffered formalin, and routinely processed for histopathology. Histologically multiple sharply demarcated plaques of full-thickness epidermal and follicular dysplasia were seen, and groups of in situ proliferating keratinocytes showed loss of nuclear polarity (Figures 1(c) and 1(d) ). A variable number of keratinocytes had cytoplasm enlarged by blue-greyish fibrillar material; some others had dark shrunken nucleus and clear cytoplasm (koilocytes). No invasion of the basal membrane into the dermis was detected. Epidermis adjacent to the neoplastic lesion was thin and keratotic, with collagen fibers of the underlying dermis markedly thin and loosely arranged. Collectively these features were indicative of SFS and concomitant multifocal VPs; despite the small dimension of the plaques, the possibility of progression to an early BISC was also indicated in the diagnostic report due to the follicular involvement and the dysplastic appearance of keratinocytes [8] . DNA was extracted from a fresh punch biopsy with the "DNeasy Blood and Tissue Kit" (Qiagen, Milan, Italy) according to vendor recommendations. To investigate the presence (Figure 2(b) ).
Based on clinical and histopathologic features, wearing of a bodysuit was recommended to prevent further skin tearing from itching. Therapy was initiated with doxycycline of 10 mg/kg once daily for 2 months; this drug has been chosen for its dual antimicrobial and immunomodulatory action. No further treatment was administered for the VPs. The followup in the first three months showed improvement in skin lesions: ulcers progressively healed, hair started to regrow, VPs were still present but again no therapy was underwent, and mild stomatitis was present at oral examination. After 18 months from initial diagnosis, on demand from the referring veterinarian, the owner was allowed to revisit the cat and the raised pigmented multiple plaque as well as skin fragility had resolved while mild stomatitis was still present.
Since early reports of feline skin hyperplastic lesions related to papillomavirus [1, 2] numerous other cases and series of cases have been published so far, in which PVs are considered to have a causative role in different feline skin diseases [9, 10] . These include feline fibropapilloma or sarcoid 4 Case Reports in Veterinary Medicine [11] and a wide spectrum of proliferative skin diseases ranging from nonneoplastic VPs to preneoplastic BISC and invasive SSC [12] . Viral plaques, BISC, and SCC may coexist in the same skin lesion or the first may progressively evolve to the others in a long period of time. In our case the clinical and histopathological resemblance between VP and BISC lead to the risk of overdiagnosing a preneoplastic lesion (BISC); however, regression of VP after discontinuation of glucocorticoid and general condition improvement is in line with a nonneoplastic nature of the plaques. Some histological features of VP are shared with BISC and a clear separation between the two entities may be difficult. SFS is an uncommon acquired disease of cats that has been reported in association with several concurrent diseases, most commonly spontaneous or iatrogenic hyperadrenocorticism [12] . In the present case, skin fragility was noted at the time of presentation together with multiple raised plaques, and both lesions might have been induced by the previous glucocorticoid therapy; moreover, the cat was FIV positive. VPs have already been documented in cats with underlying FIV or glucocorticoid immunosuppression [1, 2, 5] . Cat pruritus was diffuse when the cat was found and it was not possible to ascertain whether VPs on the flank and thorax might have developed by inoculation of virus in self-induced skin abrasions. The regression of skin lesions in the case reported suggests that glucocorticoid therapy and FIV status might have predisposed to VP.
Four PV types have been so far described in cats [6, 9, [13] [14] [15] . While association of FePV1 and FePV4 to disease remains to be clarified, an increasing number of reports indicate a correlation between the presence of FePV2 and FePV3 in VPs, BISCs, and SCCs [5, 13, 16] . FdPV-2 has been found in a high proportion of VPs and it has long been considered to be etiologically involved in the development of these skin lesions [4, 5] ; however, more recently, Munday and Witham [17] have amplified FcaPV2 from 50% of swabs taken from the skin of clinically normal domestic cats, also suggesting a subclinical infection for this type of PV. A third PV, Feline Catus-PV3 (FcaPV3), has been also detected from a feline VP and BISC [4, 10] . Finally multiple PVs have been detected once in a single sample from a cat [5] .
Conclusion
This paper reports a case of VP in which, by combining PCR test with sequencing and Real-Time PCR, coinfection with 2 PV types was recorded and their concentration was determined. Whether the role of the two viruses cannot be established in this case, FcaPV2 and FcaPV3 are present at comparable concentrations; it remains undetermined how each of the viruses might have contributed to the onset of lesions following immunosuppression. We hypothesize that one of the 2 viruses might have provided a more permissive environment for the other. Finally, spontaneous remission of skin lesions might have been induced by FIV status change over time due to glucocorticoid withdraw and by glucocorticoids withdraw itself.
